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Mechanism of attenuated hydrochiorothiazide response during indo-
methacin administration. Indomethacin antagonizes the natriuretic and
chloruretic response to hydrochlorothiazide in most studies. Neither
the mechanism nor nephron site of this antagonism has been deter-
mined. To identify sites and potential mechanisms, cortical micropunc-
ture was performed during hydrochlorothiazide treatment in control
and indomethacin rats. Indomethacin reduced (P < 0.005) FeCl from
5.20 0.49% to 2.26 0.49% (mean MAP, C1, and plasma
volume were not different between groups. SNGFR and fractional
proximal fluid and chloride delivery were not different between groups.
Fractional chloride delivery to early distal tubules was 10.8 0.4% in
control but 6.2 0.3% in indomethacin rats (P < 0.001). Calculated
loop chloride reabsorption was greater in indomethacin than control
rats during hydrochiorothiazide administration (41.0 1.6% vs. 34.3
2.3%; P < 0.05). Fractional chloride delivery to late distal tubules was
7.8 0.7% in control and 4.6 0.3% in indomethacin rats (P < 0.005),
but distal tubule chloride reabsorption was not different between
groups. Papillary tissue chloride was less in control than indomethacin
rats during hydrochlorothiazide (P < 0.05). Urinary PGE2 excretion
was reduced (P < 0.001) by indomethacin during hydrochlorothiazide.
Thus indomethacin induced reductions in hydrochlorothiazide response
result in part from increased chloride reabsorption in the loop segment.
This suggests indomethacin antagonizes hydrochlorothiazide by reduc-
ing chloride delivery to hydrochiorothiazide's site of action in the distal
tubule rather than by effects of indomethacin on hydrochlorothiazide
pharmacokinetics.
Indomethacin has been shown to attenuate the response to
thiazide diuretics in many [1—5] but not all experimental studies
[6, 7]. Indomethacin has also been noted to antagonize the
antihypertensive effects of thiazide diuretics in man [8, 9].
Although the effect of thiazide diuretics on renal prostaglandin
production is controversial, most investigators have attributed
the antagonism between indomethacin and thiazide diuretics to
inhibition of prostaglandin synthesis [2—4]. Furthermore,
whether the blunted hydrochiorothiazide response observed
during indomethacin administration is mediated through
changes in renal hemodynamics or through changes in tubular
water and electrolyte transport has yet to be investigated. The
current study was undertaken to determine if indomethacin
alters hydrochlorothiazide's chioruretic response in the rat and
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to determine the nephron site(s) responsible for this drug
interaction. The results demonstrate that: 1) hydrochlorothi-
azide administration in the rat is associated with an increased
urinary prostaglandin excretion rate; 2) indomethacin prevents
this increase in urinary prostaglandin excretion rate and atten-
uates the chioruretic response to hydrochiorothiazide; 3) indo-
methacin does not blunt hydrochlorothia.zide's response through
alterations in renal hemodynamics or proximal chloride reab-
sorption; and 4) increased chloride reabsorption in the cortical,
and perhaps also the meduilary, loop of Henle is at least
partially responsible for the blunted chioruretic response ob-
served in these rats. These data suggest that inhibition of
prostaglandin synthesis may blunt hydrochlorothiazide re-
sponse by limiting chloride delivery to the diuretic's principal
site of action in the distal tubule.
Methods
Male Sprague—Dawley rats weighing between 300 and 350
grams were maintained on a regular diet and given free access
to tap water for seven to 10 days prior to study. On the day of
study, animals were anesthetized with intraperitoneal injections
of mactin (Promonto, Hamburg, West Germany) in a dose of
100 mg/kg body wt and placed on a heated animal table. Rectal
temperatures were maintained between 37 and 38°C with a
servo-activated temperature controller (Yellow Springs Instru-
ment Co., Yellow Springs, Ohio, USA). Following tracheos-
tomy, PE-50 polyethylene catheters were introduced into the
jugular veins. Following insertion of the right jugular catheter,
isotonic Ringer's solution (in mEq/liter: Na 140, Cl 115, HCO3
30, K 5) with added indomethacin or vehicle (vide infra) was
given by constant infusion. The initial infusion rate was 0.067
mi/kg body wt/min for 30 minutes and then reduced to 0.04
mi/kg body wt/min. An infusion of 4% polyfructosan (mutest,
Laevosan Gesellschaft, Linz, Austria) was initiated through the
left jugular venous catheter at a rate of 3 ml/hr for 20 minutes
and then at 1.25 mI/hr thereafter. A PE-50 polyethylene catheter
was placed in the right femoral artery for blood sampling and
continuous blood pressure monitoring. A flanged PE-50 poly-
ethylene catheter was placed in the bladder through a midline
suprapubic incision for urine collection from the right kidney.
The left kidney was then exposed through a subcostal incision
and gently separated from the adrenal gland and perirenal fat.
The kidney was placed on a plastic holder and the upper third
segment of the left ureter was cannulated with PE-SO polyeth-
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ylene tubing. The kidney was then bathed with mineral oil and
its surface illuminated with a fiberoptic light source. To com-
pensate for the reduction in plasma volume attendant on
micropuncture surgery [10], iso-oncotic rat plasma obtained
from a litter mate was infused at a rate of 1.2 ml/l00 g body
wt/hr during the surgical preparation. Cortical surface convo-
lutions of 2-3 latest proximal, 2-3 earliest distal, and 2-3 latest
distal tubule segments were identified by observing the passage
of 0.05 ml of 10% FD&C green dye. Localization of puncture
sites by transit time has been shown to correlate well with
puncture sites identified by microdissection [11]. After a
40—minute equilibration period, hydrochiorothiazide 5 mg/kg
body wt/hr was added to the polyfructosan infusion. The dose
of hydrochlorothiazide was chosen to inhibit distal tubule
sodium uptake without producing renal carbonic anhydrase
inhibition [12]. The polyfructosan infusion rate was increased to
2.3 mI/hr to prevent the fall in glomerular filtration rate ob-
served during hydrochlorothiazide—induced volume depletion
[13]. Ten minutes later, tubule fluid samples were obtained by
micropuncture techniques over a 60—minute experimental pe-
riod. The technique of tubule fluid sampling has been described
by us previously [14, 15]. Urine was collected under oil over 30
minute intervals. Fifty microliter samples of arterial blood were
taken at the beginning and end of each urine collection period
for determination of hematocrit, chloride, and inulin concentra-
tions. At the conclusion of the experimental period, 125J
labelled albumin was infused for determination of plasma
volume [16]. Two groups of animals were studied. The experi-
mental group (N = 8) received indomethacin prior to and during
hydrochiorothiazide administration. A control group (N = 8)
received the vehicle for administration of indomethacin prior to
and during hydrochiorothiazide administration. Indomethacin
was administered intravenously in a dose of 5 mg/kg 30 minutes
before and 3 mg/kg immediately after dissection of the left
kidney (0.05 mg/mm). The animals then received a sustaining
infusion of indomethacin at a rate of 6 mg/kg/hr. Indomethacin
was prepared for administration as described previously [14].
At the end of the experiment, both kidneys were removed and
weighed.
To determine the effect of hydrochlorothiazide on urinary
prostaglandin excretion rates in the presence and absence of
indomethacin, rats were prepared for study as described above
(N = 8/group). However, during the experimental period, urine
from these rats was collected under oil in preweighed silicon-
ized glass vials containing 20 p1 of 1 N HCI for determination of
urinary prostaglandin excretion rates. To assess the effects of
hydrochlorothiazide per se on urinary prostaglandin excretion
rates, a third group (N 6) of nondiuretic rats were examined.
These rats were prepared as described above but received the
vehicles for both hydrochiorothiazide and indomethacin admin-
istration.
To determine the effect of hydrochlorothiazide and indometh-
acm on renal papillary chloride concentration, a third series of
rats (N = 6/group) were prepared as described above. At the
end of the experimental period, the renal papillae were quickly
removed and placed in a preweighed bottle. After determination
of the wet weight, the tissue was dried at 60°C for 48 hours and
reweighed for determination of water content. This tissue was
extracted with water at 80°C for two hours and the chloride
concentration of this fluid measured.
Analytical techniques
Sodium, potassium, chloride, and inulin concentrations in
serum and urine were measured by standard techniques as
described previously by us [14, 15]. Tubule fluid volume was
measured in constant bore glass tubing with a microslide
comparator. Tubule fluid inulin concentration was determined
by the method of Vurek and Pegram [17]. Tubule fluid chloride
concentration was determined by electrometric titration ac-
cording to the second method of Ramsay, Brown and Croghan
[18]. Chloride concentration in papillary extracts was measured
amperometrically (Buchler Instruments, Fort Lee, New Jersey,
USA). Prostaglandins were extracted from the urine by a
modification of the method of Powell [19]. C'8 cartridges (Sep
Pak, Waters Associates, Milford, Massachusetts, USA) were
pretreated by passing 5 ml of 100% methanol followed by 10 ml
of distilled water through the cartridge. A urine sample, which
had been collected with I N HC1 and which had a pH of 3 or
less, was then applied to the cartridge, washed with 10 ml of
distilled water, and then prostaglandins were eluted from the
cartridge with 3 ml of methyl formate. The eluate was evapo-
rated to dryness in a Speed-Vac vacuum centrifuge (Savant
Instruments, Hicksville, New York, USA) at room temperature
and then reconstituted with cold buffer. Approximately 1000
DPM of tritiated PGF2a was added to each urine sample prior to
extraction, and aliquots of each sample were obtained before
and after extraction and counted to measure recovery, which
averaged 90%. PGE was measured by radioimmunoassay using
the procedure recommended by Seragen (Boston, Massachu-
setts, USA). Antibodies were obtained from Seragen. The PGE
antibody had 100% cross—reactivity with PGE1 and PGE2 and
6% and 3% cross—reactivities with PGA, and A2. All other
cross—reactivities of these antibodies were 1% or less. All
tracers (Amersham, Arlington Heights, Illinois, USA) were
tritiated and had specific activities of at least 395 tCi/g. After
overnight incubation at 2 to 8°C, the assay was terminated with
cold dextran charcoal slurry. This termination procedure com-
pletely removed the recovery PGF2a tracer from the assay
tubes, thereby eliminating interference from the recovery tracer
in the PGE assay since this antibody had negligible cross—reac-
tivity with PGF2,,. When PGE2 was added to the urine or to
buffer to produce concentrations of prostaglandin ranging from
0.02 to 2 ng/ml, assayed values averaged 103% of the expected
values. Detection limits of the assays, determined as two
standard deviations from the mean zero value, were 3 to 8
pg/ml. Interassay coefficient of variance was 16%.
Analysis of data
Determination of the concentration of inulin, sodium, and
chloride in blood and urine and urinary flow rate permitted
calculation of whole kidney glomerular filtration rate and uri-
nary excretion rates of sodium and chloride according to
standard expressions. Measurement of inulin and chloride
concentrations in tubule fluid samples allowed determination of
fractional chloride delivery as (TF/P)c,. Fraction of filtered
chloride reabsorbed between two nephron segments A and B
was calculated according to the following expression [14]:
[(TF/P)c1j,A — (TF/P)1j1B] X 100.
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Table 1. Mean arterial pressure, plasma volume, inulin clearance, urinary fluid and electrolyte excretion rates from experimental kidneys
during hydrochlorothiazide administration
Plasma
MAP
mm Hg
PNa
mEqlliter
Pc1
mEqlliter
volume
ml/100 g lot't
C10 jiiiminig
kwt
Flow
pliminig
UNaV
pEqiminig
FeNa
%
U1V
pEq/min/g
FeCl
%
Control 122 143 105 3.27 1057 21.9 4407 2.92 5748 5.20
N = 8 ±1 ±1 ±2 ±0.13 ±53 ±1.7 ±494 ±0,33 ±597 ±0.49
Indo 121 142 110 3.80 1181 7.4 1734 1.11 2809 2.26
N = 8 ±3 ±1 ±2 ±0.49 ±94 ±1.0 ±351 ±0.27 ±475 ±0.45
C vs. I NS NS NS NS NS P < 0.001 P < 0.005 P < 0.005 P < 0.005 P < 0.005
Values are mean ± SE. Abbreviations are: N, number of animals studied; C, control; I, indomethacin.
Table 2. SNGFR, segmental TF/P inulin and chloride ratios, and fractional chloride delivery at various nephron locations in control and
indomethacin treated rats during hydrochlorothiazide diuresis
SNGFR
TF/P10 TF/P1 (TF/P1)/(TF/P10)
Late Early Late Late Early Late Late Early Late
Prox Distal prox distal distal prox distal distal prox distal distal
Control 39.3 47.2 2.80 5.31 10.98 1.22 0.549 0.797 0.451 0.108 0.078
N = 8 ±3.6 ±4.1 ±0.14 ±0.36 ±1.23 ±0.02 ±0.036 ±0.044 ±0.024 ±0.004 ±0.007
Indo 36.3 46.0 2.66 6.24 12.03 1.20 0.373 0.547 0.471 0.062 0.046
N = 8 ±3.3 ±4.4 ±0.12 ±0.40 ±0.58 ±0.02 ±0.026 ±0.023 ±0.018 ±0.003 ±0.003
C vs. I NS NS NS NS NS NS P < 0.005 P < 0.001 NS P < 0.001 P <0.005
Values a re mean ± SE. Abbre viations a re: N, num ber of ani mals studie d; C, control; I, indomethacin.
This calculation was performed for each individual animal from
the mean values obtained in that individual animal. Measure-
ment of tubule fluid flow rate and inulin concentration at late
proximal and early distal tubule puncture sites allowed calcu-
lation of single nephron glomerular filtration rate as previously
described [14]. In the calculation of plasma volume, corrections
were made for erythrocyte trapping. Statistical significance was
determined using the unpaired Student's t-test between indo-
methacin and vehicle treated groups. Analysis of variance and
Bonferroni's modification of the t-test was used to determine
statistical significance between urinary prostaglandin excretion
rates in nondiuretic, hydrochlorothiazide, and hydrochlorothi-
azide plus indomethacin treated groups [20].
Results
Whole animal data
Mean arterial pressure, plasma volume, serum sodium and
chloride concentrations, and inulin clearances were not dif-
ferent during hydrochlorothiazide administration between con-
trol and indomethacin treated rats (Table 1). During hydro-
chlorothiazide administration, indomethacin treated rats had
greater than a 60% reduction in urine flow rate (P < 0.001) and
absolute sodium excretion rate (P < 0.005) compared with
control rats. Absolute chloride excretion rate was likewise
reduced (P < 0.005) by almost 50%. Fractional sodium excre-
tion rate was reduced (P < 0.005) from 2.92 ± 0.33% in control
to 1.10 ± 0.27% in indomethacin treated rats during hydro-
chiorothiazide diuresis. Fractional chloride excretion rate was
also reduced (P < 0.005) from 5.20 ± 0.49% in control rats to
2.26 ± 0.45% in indomethacin treated rats. Thus treatment with
indomethacin significantly reduced the diuretic, natriuretic, and
chioruretic response to hydrochlorothiazide in the rat.
Micropuncture data
Single nephron glomerular filtration rate determined from late
proximal and early distal tubule puncture sites was not different
between groups (Table 2). Similarly there was no difference in
SNGFRs determined from late proximal or early distal puncture
sites within each group.
Proximal tubule. The fraction of filtered chloride remaining at
the last segment of the superficial proximal convoluted tubule
accessible to micropuncture was not different between indo-
methacin treated rats and control rats during hydrochlorothia-
zide administration (Table 2). TFfP chloride ratios were similar
between control and indomethacin treated rats. Late proximal
TF/P inulin ratios during hydrochlorothiazide administration
were also similar between these groups. Fractional fluid reab-
sorption in the proximal convoluted tubule was 63 ± 2% during
hydrochlorothiazide administration in control rats and 61 ± 1%
in indomethacin treated rats. Thus functional fluid and chloride
reabsorption in this nephron segment were unaltered by indo-
methacin administration.
Early distal tubule. The fraction of filtered chloride delivered
to the early distal tubule during hydrochlorothiazide adminis-
tration was reduced (P < 0.001) from 10.4 ± 0.4% in control
rats to 6.0 ± 0.3% in indomethacin treated rats (Table 2).
During hydrochlorothiazide administration, TF/P chloride ra-
tios were likewise lower in control than indomethacin treated
rats (P < 0.005). TF/P inulin ratios, on the other hand, were not
different (P-NS) between control and indomethacin treated rats.
The fraction of filtered chloride reabsorbed in the superficial
cortical loop segment (calculated from late proximal and early
distal tubule data) increased (P < 0.05) from 34.3 ± 2.3% in
control rats to 41.0 ± 1.6% in indomethacin treated rats (Fig. 1).
Late distal tubule. The fraction of filtered chloride remaining
at the late distal tubule site was 7.8 ± 0.7% in control rats and
4.6 ± 0.3% in indomethacin treated rats during hydrochloro-
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Fig. 1. Fraction (%) of filtered chloride reabsorbed along each neph-
ron segment in control (open bar) and in indomethacin (stippled bar)
treated rats during hydrochlorothiazide diuresis. Values at late proxi-
mal (LP) represent fraction of chloride reabsorbed up to that nephron
segment. LP-ED (early distal segment) represents the fraction of
chloride reabsorbed between the LP and ED puncture sites (i.e. loop
segment). ED-LD (late distal) represents the fraction of chloride
reabsorbed by the distal tubule.
thiazide administration (P < 0.005). TF/P chloride ratio was
also greater (P < 0.001) in control rats than in indomethacin
treated rats at this location. Late distal tubule TF/P inulin
ratios, on the other hand, were also not different between the
two groups.
The fraction of filtered chloride reabsorbed within the distal
tubule during hydrochiorothiazide administration (calculated
from early and late distal tubule data) was not different between
control and indomethacin treated rats (Fig. 1). Thus indometh-
acm did not appear to attenuate the effect of hydrochlo-
rothiazide at its site of action within the distal tubule.
Urinary prostaglandins. Urinary prostaglandin E2 excretion
rate was 58 8 pglminlg kidney wt in nondiuretic rats (Fig. 2).
Rats receiving hydrochlorothiazide had a urinary prostaglandin
E2 excretion rate of 168 28 pglminlg kidney wt. This value
was significantly greater (P < 0.005) than that observed in the
nondiuretic rat group. Rats receiving both indomethacin and
hydrochiorothiazide, on the other hand, had a urinary prosta-
glandin excretion rate of 20 6 pg/min/g kidney wt. This was
less (P < 0.001) than that observed in rats receiving hydrochlo-
rothiazide alone.
Papillary chloride concentration was less (P < 0.025) in
control rats than in indomethacin treated rats during hydrochlo-
rothiazide administration (Fig. 3).
Discussion
The present study demonstrates that indomethacin reduces
the diuretic, chloruretic, and natriuretic response to hydrochlo-
rothiazide in the rat. This effect occurred in the absence of
differences in mean arterial pressure, plasma volume, or whole
kidney and single nephron glomerular filtration rate. Segmental
analysis of chloride transport during hydrochlorothiazide
diuresis demonstrated that indomethacin had no effect on fluid
or chloride transport in the proximal convoluted tubule. On the
other hand, fractional chloride delivery to the earliest distal
Fig. 2. Urinary PGE2 excretion rates in nondiuretic rats (checkered
bar) and in control rats (clear bar) and in indomethacin (stippled bar)
treated rats during hydrochiorothiazide administration. Hydrochioro-
thiazide increased urinary excretion of POE2 compared to nondiuretic
rats. Indomethacin administration prevented the increase (P < 0.001) in
urinary PGE2 excretion rate observed with hydrochlorothiazide
administration.
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Fig. 3. Papillary tissue chloride concentration expressed in mEq/kg
1120 in control (open bar) and indomethacin (stippled bar) treated rats
during hydrochlorothiazide diuresis.
tubule segment accessible to micropuncture was markedly
reduced (P < 0.001). Fractional chloride delivery to the late
distal tubule was also lower in indomethacin treated rats than in
control rats during hydrochiorothiazide administration. This
latter observation, however, appears to reflect reduced delivery
since calculated distal tubule chloride—reabsorption during
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hydrochlorothiazide administration was slightly lower in indo-
methacin treated rats than in control rats. These observations
suggest that the superficial loop segment is at least one contrib-
utor to the attenuated hydrochiorothiazide response observed
during indomethacin administration. The finding that papillary
chloride concentration during hydrochlorothiazide administra-
tion was greater in indomethacin treated rats than in control rats
is consistent with a similar effect of indomethacin to increase
chloride reabsorption in the loop segment of deep nephrons as
well.
Although a number of previous studies have examined the
interaction between indomethacin and thiazide diuretics, there
has been no concensus as to their combined effect. Indometh-
acm has been shown to attenuate the response to chlorothiazide
and hydrochiorothiazide in human subjects in some studies [1,
3] but not others [7, 21]. Williams and associates have demon-
strated reduced chloride but not sodium excretion during the
first eight hours following administration of indomethacin and
hydrochlorothiazide in volunteer subjects [22]. Indomethacin
has no effect on hydrochlorothiazide response in the chimpan-
zee [6] but does attenuate hydrochiorothiazide response in the
rabbit [5] and rat [2, 4] The reasons for these discrepant
observations are not apparent. Assessment of the interaction
between indomethacin and thiazide diuretics from these previ-
ous studies is complicated by several factors. First, glomerular
filtration rate was determined only in the studies which failed to
demonstrate antagonism between indomethacin and hydrochlo-
rothiazide [6—8]. Determination of GFR is crucial in evaluation
of the thiazide—indomethacin antagonism, since both these
agents can decrease glomerular filtration rate under certain
experimental conditions [12, 23]. Second, the thiazide diuretics
may affect different nephron sites depending on the specific
drug and dose employed [24]. Brater has demonstrated that
indomethacin attenuated the effect of 1 gram but not 500 mg of
chlorothiazide in human subjects [1]. Thus the site and mech-
anism of this drug interaction are difficult to determine. Finally,
both the effect of hydrochlorothiazide on urinary prostaglandin
excretion and the degree of prostaglandin synthesis inhibition
produced by indomethacin administration have been infre-
quently documented [3, 7]. The current study was designed to
localize the effects of hydrochlorothiazide to the distal tubule
and to prevent any nonspecific effects of volume depletion on
electrolyte excretion. Under these conditions, indomethacin
attenuated the response to hydrochiorothiazide. Furthermore,
this antagonism occurred primarily through tubular as opposed
to hemodynamic mechanisms. This conclusion is supported by
the observations that whole kidney and single—nephron glomer-
ular filtration rate were not different between control and
indomethacin treated rats as well as the finding that proximal
convoluted tubule fluid and chloride reabsorption were not
different between these groups.
Although indomethacin has many effects unrelated to
prostaglandin metabolism [25], most investigators demonstrat-
mg antagonism of thiazide response by indomethacin have
attributed this to inhibition of prostaglandin synthesis [2—4].
While this hypothesis is difficult to prove, it is supported by
strong circumstantial evidence. First, hydrochiorothiazide
pharmacokinetics are not influenced by indomethacin adminis-
tration in man [21, 22]. Unfortunately, no data are available for
other mammalian species. The observation that fractional chlo-
ride reabsorption at hydrochlorothiazide's principal site of
action in the distal tubule was not different between control and
indomethacin treated rats (Fig. 1) suggests that reductions in
hydrochlorothiazide delivery to or effect at its active site are not
of primary importance in the reduced chioruretic response
observed in the current study. However, confirmation of this
conclusion must await formal determination of hydrochioro-
thiazide kinetics in this animal species. Second, in the few
studies where urinary prostaglandin excretion rate has been
determined, attenuation of hydrochiorothiazide response by
indomethacin was observed only in the study where hydrochlo-
rothiazide first increased urinary prostaglandin E2 excretion
rate [3]. In the current study, urinary prostaglandin E2 was
increased from 57.6 7.7 pg/mm/kg kidney wt in nondiuretic
rats to 162 28 pg/mm/kg kidney wt in hydrochlorothiazide
treated rats (P < 0.005). Indomethacin reduced (P < 0.001)
urinary excretion of prostaglandin E2 to 20.0 6.0 pg/mm/kg
kidney wt. Taken together, these data suggest that indometh-
acm attenuates hydrochiorothiazide response under conditions
where diuretic administration stimulates renal prostaglandin
production. Katayama and associates have previously demon-
strated that indomethacin may enhance or reduce the natri-
uretic response to furosemide depending on the relative activity
of the PGE2 system [26]. Thus the situation with thiazide
diuretics may be analogous to that observed with furosemide
[27]. Finally, during hydrochlorothiazide administration, indo-
methacin increased loop—segment chloride reabsorption but had
no effect on chloride transport in the proximal or distal convo-
luted tubules. This agrees with previously reported effects of
prostaglandin synthesis inhibition on segmental renal electro-
lyte—transport under conditions of hydropenia, during volume
expansion, and during furosemide diuresis [14, 28—30]. Taken
together, the observations are consistent with the hypothesis
that prostaglandin synthesis inhibition is the mechanism
through which indomethacin antagonizes hydrochlorothiazide
response in the current study.
Neither the precise location within the loop segment nor the
mechanism whereby prostaglandin inhibition alters chloride
reabsorption can be identified from the current investigation.
The observation that TFIP chloride but not TF/P inulin ratios
were lower in indomethacin than in control rats suggests that
indomethacin increased chloride reabsorption to a greater ex-
tent than isotonic reabsorption of chloride with fluid. As active
chloride reabsorption in the loop segment occurs within the
thick ascending limb of Henle's loop [31], our observations
would be consistent with a primary effect of prostaglandin
synthesis inhibition occurring at that location. In addition, the
current findings are consistent with previous work by Stokes
[32] in the isolated perfused tubule, by Higashihara et al [28] in
the rat in vivo, and by Kaojarern and associates in man [33],
suggesting that prostaglandins are important mediators of chlo-
ride transport in the loop of Henle.
Several questions concerning the antagonism between indo-
methacin and thiazide diuretics remain unanswered by the
current study. First, it is uncertain how representative our
findings are of the interaction of indomethacin and thiazide
diuretics in other animal species. As previous investigators
have observed antagonism between indomethacin and hydro-
chiorothiazide in conscious rats [2, 4], it is unlikely that the
indomethacin and hydrochiorothiazide antagonism observed
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in the current study is an artifact of the experimental design.
The finding that indomethacin does not reduce urinary sodium
or chloride excretion rate in nondiuretic anesthetized rats in our
laboratory [34] also supports this contention. However, several
investigators have suggested that prostaglandins have effects in
the rat that are different from those in other mammalian species
[35]. In this regard, chlorothiazide has been shown to have no
effect on urinary prostaglandin excretion rate in the dog [36].
On the other hand, both antagonism between indomethacin and
thiazide diuretics and stimulation of urinary prostaglandin
excretion—rate during hydrochiorothiazide administration have
been observed in human studies [3]. Thus additional studies
must be performed before the effects of indomethacin on
thiazide diuretics can be completely defined. Second, the cur-
rent study does not exclude altered chloride reabsorption
beyond the superficial distal tubule or in juxtamedullary neph-
rons as major sites responsible for the reduction in hydrochlo-
rothiazide response during prostaglandin inhibition. The finding
that papillary chloride concentration was greater during
hydrochlorothiazide administration in indomethacin treated
rats than in control rats suggests that indomethacin's effect is
not limited to cortical nephron segments. Finally, reductions in
glomerular filtration rate or changes in renal blood flow induced
by volume depletion may be significant factors in the attenuated
thiazide response under certain circumstances.
In summary, the current study demonstrates that administra-
tion of indomethacin markedly attenuates the chloruretic, di-
uretic, and natriuretic response to hydrochlorothiazide in the
rat. This blunted chloruresis cannot be explained by differences
in glomerular filtration rate, mean arterial pressure, plasma
volume, or chloride handling in superficial cortical proximal or
distal tubule segments. Chloride reabsorption in the superficial
loop segment is greater during hydrochiorothiazide diuresis in
prostaglandin—inhibited animals. These observations are con-
sistent with the hypothesis that prostaglandin synthesis inhibi-
tion blunts thiazide response by accelerating loop segment
chloride reabsorption thus reducing delivery to the diuretic's
site of action in the distal tubule. The study confirms a role for
prostaglandins in the regulation of loop function and suggests
that tubular mechanisms may be important in the antagonism
between nonsteroidal anti-inflammatory compounds and diuret-
ics.
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